ALTHOUGH the presence of uric acid in gouty concretions was discovered by Wollaston in 1797, twenty-one years subsequent to the discovery of the acid by Scheele, the association of the acid with gout did not receive much attention until 1847 when Sir Alfred Garrod demonstrated the presence of sodium urate in the blood of gouty persons. This discovery led to much controversy as to whether the urates were the cause or the result of gout. The adherents of the former theory, in their turn, were in disagreement as to the manner in which the urates effected their deleterious action: some maintained that the urates produced a toxic action whilst still in solution in the blood and others that no action occurred until the urates had crystallized out from the blood and had become deposited in the affected tissues. That uric acid in solution produces no toxic effects, has been demonstrated on many occasions so that this theory will not be considered. A modified form of the other theory still has its advocates.
The fundamental fact in connexion with the r6le of uric acid in gout is that, so far as is known, gout is the only clinical entity in which a deposition of urates in the tissues occurs. This is, of course. the tenth proposition of Garrod. Fink, of Vittel [1] , has lately drawn attention to the fact that joint tophi contain considerably larger amounts of calcium carbonate and phosphate than uric acid, and he states that it is the lesions due to osteitis which bring about the formation of tophi. There is little doubt, however, that the view of Garrod and Luff is the correct one, viz., that tophi originally consist of sodium biurate and that the presence of calcium carbonate and phosphate is due to secondary deposits. The deposition of urates is a unique feature of typical gout, the only condition comparable to it being the so-called guanine gout of hogs in which free guanine is found in the concretions round the joints.
Another connexion between gout and uric acid is the hyperuricoemia that is a concomitant of the disease. Hyperuricamia, as mentioned above, is also found in leuka3mia, nepbritis, and various febrile conditions and cannot, therefore, be regarded as indicative of the gouty state until the other conditions known to cause hyperuricemia have been excluded. Evidence is accumulating that the condition of hyperuricaemia is more common than is generally supposed. Schamberg and Brown [2] , using the Folin-Wu method of estimating uric acid, found that of 163 patients presenting themselves with various dermatoses, eighty-eight, or 53'6 per cent. had more than 3 mg. of uric acid per 100 c.c. of blood; fifty, or 30'5 per cent. had 4 mg. or over; eighteen, or 11 per cent. had 5 mg. or over; and seven, or 4'6 per cent. had 6 mg. or over. In a private communication Dr. Schamberg mentions that in a recent case of severe eczema, exhibiting no signs of gout, the patient showed 10x7 mg; of uric acid per 100 cc. of blood. Such results would appear to depreciate still further the value to be attached to the finding of hyperuricoamia but it must be remembered, as Schamberg and Brown [3] have pointed out that "the older writers, particularly among English and French dermatologists, laid considerable stress on the relationship of gout and eczema." Luff [4] indeed states that " amongst those who have inherited a gouty tendency the skin affections may constitute the only manifestation of gout."
The patients admitted to the Devonshire Hospital, Buxton, and suffering from chronic arthritis and allied diseases, form another class in which, judged by the usual standards, there is an abnormal percentage of hyperuricaemia. But here again there seems to be some bond of relationship with gout, and the differential diagnosis is far from being simple in some cases.
The results of the examination of a more normal hospital population are given by Feinblatt [5] . Of 1,500 patients, only fifty-seven, or 3'8 per cent.
gave uric acid values in excess of 3x5 mg. without a concomitant retention of urea or creatinine; 20 mg. of urea nitrogen and 2 mg. of creatinine per 100 c.c. of blood being considered the commencement of pathological values. Of the multitude of hypotheses that have been advanced at various times concerning the r6le of uric acid in gout, very few have survived modern criticism and of these only the following will be discussed: (1) that uric acid is merely incidental; (2) that gout is a form of nephritis; (3) that gout is due to excessive production of uric acid; (4) that gout is due to diminished destruction of uric acid.
(1) THAT URIC ACID IS MERELY INCIDENTAL.
The advocates of this negative hypothesis direct attention to the lack of toxicity shown by uric acid; to the various conditions mentioned above in which there is evidence of hyperuricomia; and to the possibility that local deposition may be secondary to inflammatory conditions. Uric acid is admittedly non-toxic in solution, but it must be remembered that an accumulation of this end-product of nuclein metabolism may exercise a general effect by retarding the rate of this form of metabolism. The uric acid may be incidental, but it is the only index of this process known at the present time. An analogous case is the use of the urea content of blood as an indication of the condition known as uramia.
The absence. of the symptoms of gout during the hyperuricsemia found in other pathological conditions is due probably to varying causes: in febrile diseases the condition is too transient and the blood circulation too rapid to permit of the deposition of urates; and in leukEemia and anaemia the increased proportion of plasma would tend to increase the saturation point for urates of the whole blood. The hyperuricaemia of nephritis will be considered later.
The question of local deposition of urates is admittedly exceedingly con-,troversial and has been discussed so often that the older arguments for and against need not be repeated here. In connexion with the question as to whether deposition of urates precedes, or is subsequent to inflammation, it is necessary to remember that tophi in the helix of the ear, and in other parts of the body also, often develop without inflammation and pain. Inflammation is not, therefore, a conditio sine qua non for uratic deposition. Many observers have suggested that the inflammatory condition during an acute attack is due, not to uratic deposition, but to resorption of such deposits. It is stated that if an attack of gout were due to the precipitation of urates, the uric acid content of the blood would diminish and not increase as is usually found to happen: that the blood is not saturated and should therefore not deposit urates; that topbi almost always diminish with the onset of an attack and frequently disappear after a pronounced and violent attack; and that the blood during an attack is more alkaline and tends towards solution rather than deposition of urates (Fink [1] ).
Whilst there is usually an increase in the uric-acid content of the blood during an attack of gout, this is due to a rise in the kidney threshold for this substance. If the kidney threshold remained constant and resorption occurred, the blood content would remain approximately level and there would be an increased excretion of uric acid in the urine. Most observers have found that the volume of urine and the uric acid output are reduced in the period immediately preceding an attack, and ulso during the early period of it. This is in accordance with the results obtained at this hospital during the past twelve months. The alteration in the threshold value of the kidneys invalidates any conclusions being drawn from either the amount of uric acid excreted or the uric acid content of the blood. This line of investigation offers little hope of producing a solution of this problem until the kidney threshold can be controlled, and even then it is probable that the amount of acid precipitated or dissolved would be within the limits of normal variations. The influence of the accompanying pyrexia introduces further complications.
Indirect evidence favours the precipitation theory. Uratic deposits occur in the helix of the ear and in the extremities of the body where the blood flow is more sluggish. If deposits tend to occur where the blood flow is most sluggish, they might also be expected to be most prone to occur when the flow is most sluggish, viz., during the early hours of the morning when the temperature of the body is at a minimum. Is it merely a coincidence that this is the period during which the attacks of gout develop, or is it that attacks are most liable to occur when conditions are most favourable for the deposition of urates ?
The acidity of the urine is also at the maximum during the night, but the amount of uric acid excreted is at a minimum, which would indicate either minimum production or a raised threshold. There is some evidence, however, that other factors may be involved. Unpublished results obtained in this hospital show a marked increase in uric acid excretion immediately on rising in the morning as compared with the average of the night sample without an accompanying increase in the excretion of phosphoric acid. If the increase were due to general cellular activity resulting in greater nuclein metabolism, a parallel increase in both of these end-products might be anticipated. The absence of a phosphate increment appears to indicate that the uric-acid increase is due to the elimination of material stored in the body, but the whole problem of nuclein metabolism is so imperfectly understood that any conclusions drawn from the rate of excretion of its endproducts may be accepted with reservations. The results referred to also indicate that there is no definite relation between the uric acid and phosphoric acid curves either during short fasting periods or after ingestion of food, and no satisfactory explanation of this apparent lack of correlation in the hourly rates of excretion can be offered at the moment.
The consideration of the degree of saturation of the blood with uric acid during an attack of gout does not lead to any definite conclusions. During such attacks the general venous blood is usually, though not invariably, below the point of saturation which, for stable solutions, is stated by Gudzent [11] to be 13 mg. of sodium urate (C5H3N403Na112O) per 100 c.c.; this is equivalent to 9 7 mg. of uric acid per 100 c.c., and accords with the results obtained in this hospital. Two samples of blood, when proper precautions were taken to prevent loss of carbonic acid, gave stable solutions at 37°C. containing sodium urate equivalent to 10 0 mg. and 10'3 mg. of uric acid per 100 c.c. of blood. Gudzent's finding, that unstable supersaturated solutions containing larger amounts can be obtained, was also confirmed.
Although several cases of tophaceous gout admitted to this hospital have yielded results between 10 mg. and 11 mg. of uric acid, corresponding to stable saturation, the average content in males is approximately 6 mg. or about 60 per cent. saturation. The blood is therefore usually unsaturated, but this does not preclude the possibility that local conditions may lower the point of saturation of the blood, or, more probably, of the lymph. An increase in the acidity due to lack of oxygen may be sufficient. Even local saturation may be unnecessary if the local conditions so alter the tissues as to disturb the equilibrium with the surrounding lymph. Gudzent [11] regards gout as a specific tissue disease (spezifische Gewebserkrankung) which leads to an anomalous distribution of uric acid, and he has found that the fluid obtained by joint puncture contains more urate than the blood; this amount may even exceed the quantity required to form stable saturated solutions.
An analogous case is the process of calcification and for the explanation of this the saturation of the whole blood supply is not considered essential. Blood samples taken in the usual manner from the cubital fossa represent the average systemic supply and therefore do not indicate in any way the extreme variations that might be produced locally. In the same way it is possible for a severe epidemic of some disease to occur in one area of the country without material effect upon the average morbidity rate for the whole country.
The reduced size of tophi sometimes observed after an acute attack of gout cannot be regarded as conclusive evidence of the resorption of urates being the cause of the attack, as the phenomenon might equally well be ascribed to the pyrexia which accompanies it. The increased circulation of blood and lymph, together with the higher metabolic rate, would tend to solution rather than deposition.
The question of changes in the alkalinity of the blood during an attack requires reviewing with the aid of modern methods of analysis. The older methods are very unsatisfactory and the results obtained with them do not warrant any definite conclusions being made.
(2) THAT GOUT IS A FORM OF NEPHRITIS. According to this hypothesis the disease is caused by the retention of uric acid in excess due to renal inadequacy. This aspect was suggested many years ago and was stated very lucidly by Sir A. E. Garrod at the meeting of the British Medical Association in 1904 [6] . In more recent years attempts have been made, particularly in America, to associate gout with nephritis. Myers, Fine, and Lough [71 stated that " The blood pictures in early interstitial nephritis and gout are strikingly similar, particularly as regards the increase in uric acid. In view of the other clinical symptoms in common, it would seem that this similarity must be more than accidental." Fine [8] defined the problem very clearly in the following questions: " (1) Is gout merely a stage in the development of interstitial nephritis, whose further progress may be indefinitely delayed ? (2) Is early interstitial nephritis merely potential gout, in which the symptoms may or may not appear? (3) Is the uric acid retention of gout due to the specific condition gout or to a complicating early interstitial nephritis ? "
In the biochemical aspect of this problem one feature stands out prominently, viz., owing to the insolubility of uric acid it might be anticipated that a reduced efficiency of the kidneys to excrete this substance would be the first symptom of a reduced function of these organs. This is in agreement with the results obtained and it is to be noted that this reduced efficiency takes the line of a raised threshold rather than a limitation of the amount of acid excreted. This accounts for the fact that, after the ingestion of uric acid, purin bases, or food rich in nuclein, a gouty person excretes the same quantity of acid as a normal one. Any difference observable is in the rate of elimination rather than in the total quantity. The raised threshold which results in the hyperuricaemia must, as mentioned above, lower the rate of nuclein metabolism by accumulation of the end-products of such metabolism. This would account for the retarded rate of elimination of ingested acid by gouty subjects and also for the reduced elimination of endogenous uric acid noted by various observers.
The fundamental question in the relationship of gout and nephritis is whether the uric acid excretory function of the kidney is an independent one or merely part of a general function. In other words, is the uric acid function capable of separate activity and stimulation ? The only data relevant to this problem are rather inconclusive. The effect of the so-called uric acid eliminators such as phenyl-cinchoninic acid, sodium salicylate, and sodium benzoate, upon the hyperuricmemia of gout is well known; a marked reduction in the uric acid content of the blood occurs. Myers and Killian [9] and Fine and Chace [10] , from a study of the effect of atophan and allied derivatives on nephritics, have obtained results which indicate that the uric-acid function is not a separate one and that these drugs also stimulate, to a lesser degree, the elimination of other metabolites. The blood-samples used by these observers were usually taken after about three days' medication and under these conditions similar results have been obtained in this hospital. After only one day's treatment the results are rather different. The urea nitrogen is increased and the reduction in the uric acid content of the blood is much more marked in the plasma than in the corpuscles. The study of the rate of excretion of waste products by a normal person after a single dose (1 gram) of atophan or salicylate supports the hypothesis of a separate functional activity. In each case the increased rate of elimination of uric acid was accompanied by a diminished excretion of urea but it was observed that the latter was eliminated later in abnormally large amounts. The excretion of chlorides was somewhat irregular but that of creatinine remained fairly normal throughout the whole period. These results are not conclusive but they do seem to indicate that, at least in the normal individual, the uric acid and urea excretory functions may be separately stimulated.
Another problem awaiting solution is whether it is possible to produce gouty symptoms in a nephritic person by local damage to tissues or in some other manner.
Until these and other questions are answered, the relationship of gout to nephritis must remain indefinite.
(3) THAT GOUT IS DUE TO EXCESSIVE PRODUCTION OF URIC ACID. The uric acid produced in the body is usually regarded as being derived from two sources, one being the exogenous acid derived from ingested nuclein and purins, and the other, the endogenous variety, produced by the katabolism of the nuclein material of the body cells.
Whilst it is undoubtedly true that the kidneys have a much greater capacity for excreting uric acid than they are usually required to perform, there are no observations recorded as to the effect of continued passage of abnormal amounts. If continuous operation beyond the normal capacity once results in a raised threshold, the tendency will be towards a reduced capacity and further ingestion of an excess of purins will result in a gradually accentuated hyperuricaemia. A reduced purin ingestion leads to a corresponding reduction in the uricsemia both in gout and in nephritis, but in the recorded cases the new levels are still above the normal. In pneumonia, the leucolysis following the crisis causes excessive production of endogenous acid, but as this condition is only transient the threshold of the kidneys for uric acid is gradually lowered until normal values are re-established. In the more prolonged leucolysis of leucaemia, the threshold is probably permanently raised. Excessive general metabolism that includes nuclein metabolism should also tend, in chronic cases, to a higher uric acid threshold. Thus it might be anticipated that cases of exophthalmic goitre would show hyperuricTamia. This is quite hypothetical, but, if substantiated, might afford a rational explanation of those cases of gout in which there are general indications of an inborn error of metabolism.
Excessive production may occur in another manner. It is well known that only a fraction of ingested purins appears as uric acid in the urine, and it is not improbable that a portion of the amount lost is due to destruction by the bacteria in the intestines. Alterations in the bacterial flora, or in the absorptive mechanism, may lead to the absorption of a greater proportion of the ingested purins.
Excessive production of uric acid in intermediary metabolism might also be mentioned. Numerous observations have shown that exogenous purins are not essential for the production of nuclear material in the body, and it is therefore quite clear that the body possesses a mechanism for nuclein anabolism from non-purin materials. In this synthesis, uric acid may be an intermediary product, and there is a possibility that a portion of it escapes conversion into nuclein. Such a process would account for excessive production, but it must be emphasized that it is quite hypothetical and lacks experimental verification.
(4) THAT GOUT IS DUE TO DIMINISHED DESTRUCTION OF URIC ACID.
One method of purin destruction, by bacteria in the intestines, has already been mentioned. Whether uric acid or its precursors may be destroyed after absorption is still undetermined. The practical absence of allantoin from the urine of man, togetherwith the failure to obtain uricase from his tissues, point to the absence of the uricoclastic property which is shown by most of the mammals. The very low purin coefficient of man suggests that the destruction takes another form, but for this there is no experimental support, and the whole question should be regarded as sub judice.
Relation of Gout to Endocrine Glands.-Although a possibility of some relationship between gout and the endocrine glands has been referred to indirectly under nuclein metabolism, it has not been specifically mentioned. It is obvious, however, that an inborn error of metabolism leading to excessive katabolism may be due to an endocrine disturbance. Later, when the excessive production of metabolites has raised the threshold of the kidneys, the tendency would be towards a gradual reversal of the balance, and excessive anabolism would result. This action of the kidneys would be a natural defence against the vicious circle mentioned by Langdon Brown [12] of "the sympathetic stimulating the thyroid, and the thyroid increasing the sympathetic response." Diagram I, showing the relationship of the weight of the patients to blood uric acid, is not incompatible with this view although the results could doubtless be explained in other ways. Schamberg and Brown [2] have also noted a tendency for the blood uric acid to increase with weight in various dermatoses, and their results are included in the diagram for comparison.' Another fact, indicating a possible endocrine origin in some cases, is that of the females admitted to this hospital during the past twelve months and diagnosed as gout, 97 per cent. were in the post-climacteric period of life. Mason [13] states that the menopause causes a complex syndrome in which signs of thyroid hyperfunction may be recognized. This would then initiate the cycle of events previously mentioned. If this hypothesis were correct, it might be anticipated that such a cycle would require several years for completion and that the greatest incidence of gout would be, not in the period immediately following the menopause, but several years later. An analysis. of the cases in age-groups is shown in Diagram II, in which the similar groups for males are added for comparison.
It will be seen that the group 51-60 exceeds the total of all the other groups for females, a result that accords with the hypothesis suggested. It is hoped that, on some future occasion, a statistical study of a larger number of cases by biometrical methods may be presented.
In this paper, although emphasis has been laid on the r6le of uric acid as an indication of gout, and its possible connexion with the development of the disease, no suggestion has been made that uric acid is the primal cause of gout. The facts do not warrant any such suggestion although they do indicate that hyperuriclemia, or some condition invariably associated with it, is essential 1 The uric acid figures of Schamberg and Brown, and those from this hospital are not strictly comparable. The former used the Folin-Wu method; the latter are obtained by Pucher's modification of Benedict's process. About 15 per cent. shoiild be added to the former to make them strictly comparable with the latter. for the development of gout. Deposition of urates is a concomitant of typical gout ; in atypical gout no surface deposits are noted but they may occur in other parts of the body.
None of the various hypotheses that have been discussed offers a complete and satisfactory explanation of the facts and it is more than probable that more than one factor is involved. One great obstacle to progress in the study of gout is the lack of suitable animals for experimental work. The animals usually available are quite unsuitable because their uric acid metabolism differs so materially from that of man. The chimpanzee is suitable, but work with this simian type of primate could only be undertaken at an expense which no single institution in this country could possibly afford. Such work might be carried out most advantageously by the Government as part of an investigation into rheumatoid and allied diseases.
important for research purposes that only undoubted cases of gout should be investigated. It was his own practice not to classify a case as one of gout unless either tophi were present and a clear history of typical attacks elicited, or an acute attack was observed by him. He would like to be assured that the cases referred to by Mr. Race came into one of these categories. The theory that an acute attack of gout was an anaphylactic phenomenon was decidedly attractive in view of the close association of various dermatoses, asthma and urticaria, with gout, in which disorders eosinophilia might occur and in which protein sensitization was sometimes found to play a part. It might be that in some measure the site of election in which an anaphylactic reaction occurred varied with the susceptibility of the individual. In the instance of gout, presuming the condition to be one of anaphylaxis, this occurred in fibrous and other tissues poor in blood-supply.
